Abstract-This study aims to empirically investigate the determinants of service industry productivity, such as economies of scale and economies of density. By using establishment-level data related to personal service industries in Japan, the study estimates the production functions for both value-added and physical output measures. In almost all the service industries examined, significant economies of scale and economies of density are observed, wherein productivity increases by 7% to 15% when the municipality population density doubles. These findings are confirmed by an estimation in which the measures of physical output are considered instead of value added.
I. Introduction
T HIS study empirically investigates the determinants of service industry productivity, such as economies of scale and economies of demand density. By using establishment-level data related to personal service industries wherein the simultaneity of production and consumption is particularly prominent, the study estimates the production functions for 10 narrowly defined industries in Japan. I compare the results of the analyses for the service industries with those for the manufacturing and retail industries in order to highlight the differences between them.
Recent studies emphasize the importance of service industries with regard to a country's economic growth performance. For example, van Ark, O'Mahony, and Timmer (2008) analyze the industry-level productivity growth of Europe and the United States and conclude that the major factor causing the divergence of aggregate-level productivity is the difference in service sector productivity. In Japan, the productivity of the service sector has become an important policy agenda. In light of this, the Service Productivity and Innovation for Growth (SPRING) organization and Service Engineering Research Center were established to promote innovation and productivity in the service sector.
Numerous estimations of production and cost functions for the manufacturing sector have been conducted and used in the planning of industrial policy. However, in the case of service industries, empirical studies on fundamental production structure, such as those on scale economies, have been quite limited in number because of the lack of relevant firm-or establishment-level data. Therefore, the planning of the policy as a means to increase service sector productivity substantially depends on aggregate-level international comparisons and a few case studies.
The simultaneous occurrence of production and consumption is frequently identified as a characteristic of the service industry. This implies that most service industries cannot stockpile inventories to smooth production and that service industry productivity is affected by demand conditions such as time series fluctuations of demand and spatial difference in demand density.
With regard to the time series aspect, by analyzing industry-level time series data and correcting it for unobserved input utilization, Basu, Fernald, and Kimball (2006) reveal a larger discrepancy between the observed total factor productivity (TFP; standard Solow residual) and the ''purified'' technology change in the nonmanufacturing sector than that in the durable manufacturing sector. In Japan, Kawamoto (2005) conducts a similar analysis by using data for 1973 to 1988 from the Japan Industrial Productivity (JIP) database and demonstrates that the influence of the input utilization rate on the output in the nonmanufacturing industry is three times greater than that in the durable manufacturing industry.
Concerning the spatial aspect, considerable research on agglomeration economies is related to the subjects covered in this paper. Rosenthal and Strange (2004) , in their representative survey in this area, conclude that productivity increases by 3% to 8% if a city's population density doubles. However, most of the empirical research in this area uses municipal-level data 1 or manufacturing industry plantlevel data.
2 For example, Nakamura (1985) , in a representative study on Japan's agglomeration economies on productivity, estimates the translog production function of twodigit manufacturing industries by analyzing city-level aggregated data from 1979. The study shows that the value of the elasticity of labor productivity with respect to the population of cities is approximately 3.4%; however, the results vary considerably across industries. Tabuchi (1986) also uses a cross-section of city-level manufacturing data from 1980 and conducts regression to explain labor productivity. The result shows that the value of elasticity of labor productivity with respect to the population density of a city ranges from 4% to 8% depending on the specification.
Analyses that are focused on nonmanufacturing industries are rarely conducted, whereas analyses based on service industry establishment-level data are almost nonexistent. 3 Although the data used in the study concern a specific manufacturing industry, Syverson (2004) investigates the effect of spatial substitutability on the productivity of plants. The hypotheses are that consumers in a densely clustered market can easily switch suppliers and that inefficient producers may find it difficult to survive. As a result, in such markets, the average productivities should be higher and the dispersion of productivities among plants should be lower. Syverson (2004) tests these hypotheses using the data concerning ready-mixed concrete plants in the United States and shows that the results are consistent with the hypotheses. Further, using data for ready-mixed concrete plants, Syverson (2007) demonstrates that price dispersion decreases when spatial competition increases. This work also suggests the possibility that the same mechanism plays a more significant role in service, retail, or wholesale industries. Although the data used in these analyses are not directly related to the service sector, the main concept behind these findings is the most relevant element for my analyses.
On the basis of this discussion, this study investigates the factors influencing the TFP of service industries by analyzing unique establishment-level data related to 10 personal service industries in Japan and focuses on the effects of spatial demand density. The major results can be summarized as follows:
In almost all the service industries examined, economies of scale in terms of establishment size and firm size are detected. Almost all the service industries exhibit significant economies of population density. The productivity of an establishment increases by approximately 7% to 15% when the population density of the city doubles. The effects of demand density on these industries are far greater than those on manufacturing industries. These results hold even if physical output measures, which remain unaffected by price differences among different cities, are used in the analyses.
The rest of the paper is organized as follows. Section II describes the data employed and the methods of analysis. Section III presents the results of the estimations of the production functions. Section IV interprets and discusses the theoretical implications of the empirical results. Section V presents the conclusions, including policy implications.
II. Data and Methods

A. Data
This paper uses data on personal service industries obtained from the Survey of Selected Service Industries conducted by the Ministry of Economy, Trade and Industry (METI). Introduced in 1973, this survey is conducted to clarify the actual conditions of service industries and obtain basic data for policies concerning them. The participants of the survey are all establishments operating in Japan. Initially the survey considered only five service industries, but the coverage has gradually been expanded and now covers more than twenty industries. Although the survey is conducted annually for goods-leasing and information service industries, most industries are surveyed every three to four years. The survey compiles information related to establishments or firms according to industry characteristics. The questionnaire items cover a variety of issues, and some items may differ depending on the industry being surveyed.
In this paper, I use recent (2002) (2003) (2004) (2005) establishmentlevel data concerning ten major personal service industries in Japan: movie theaters, golf courses, tennis courts, bowling alleys, fitness clubs, golf driving ranges, culture centers, theaters (including rental halls), wedding ceremony halls, and aesthetic salons (for example, facial and body massage but not hair and nail salons). Table 1 shows the market sizes and numbers of employees of these industries.
B. Methodology
This paper estimates simple production functions. The dependent variables are value added and measures of physical output. The independent variables are labor (number of employees), the proxy for tangible capital, the degree of diversification (share of main business sales), the dummy for multiple establishments, the population density of the location city, and the number of industry establishments in the same city:
The dependent variables (Y i ) are value added and the several physical output measures. Value added (va) is calculated as va ¼ sales -costs þ wages þ rents. Total rents are the sum of rents for land and buildings and rents for equipment. It is preferable to add the user cost of capital (interest payment) explicitly, but since the value of tangible capital stock is not surveyed, the data on interest payment are 3 Several papers analyze the productivity of nonmanufacturing sectors by using geographically aggregated data, for example, Mera (1973) and Dekle (2002) . Both papers suggest a strong relationship between productivity and spatial density in nonmanufacturing industries in Japan. Although the subject is the effect of density on regional employment growth, Combes (2000) shows a substantial difference between the results for manufacturing and service sectors. Recently Graham (2009) estimated urbanization and localization economies for two-digit manufacturing and service industries by using data on British firms.
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THE REVIEW OF ECONOMICS AND STATISTICS unavailable and impossible to estimate. 4 With regard to the physical measures of outputs, data such as the total number of users of movie theaters per year and the total number of games at bowling alleys per year are available. Although these physical output measures are not ideal, they have an advantage in that they remain unaffected by price differences among different establishments. I employ these measures to compare the results by using the revenue-based output measure.
5
Among the explanatory variables, L is the number of employees (emp) including part-time workers. Unfortunately, the data regarding the number of hours and the measures of labor quality are unavailable. I discuss this issue later.
In order to correctly estimate the production function, information of fixed capital stock (K) is essential. However, the Survey of Selected Service Industries does not collect this information. Although the survey does collect information of equipment investment flow, it is impossible to estimate capital stock by using the perpetual inventory method because the survey is not conducted annually for each industry. Nevertheless, the survey contains data on good proxies for fixed capital of personal service industries-for example, the number of courts for tennis courts, number of lanes for bowling alleys, number of boxes for golf driving ranges, and number of seats for theaters. Although these proxies for capital stock do not include buildings or machines, they incorporate the most important aspects of each service. Furthermore, since these variables are physical measures of capital, it is not necessary to use price deflators. Moreover, they reflect the measure of an important capital stock: land. Specific capital stock variables are listed in Table 2 .
As is evident, the sum of the coefficients for L and
is the measure of scale elasticity. If the sum is larger than unity, there is an economy of scale at the establishment level. This measure is not a pure technological economy of scale and includes both supply-side and demand-side factors.
The share of main business sales (mshare) is calculated by dividing the sales of main services by the total sales of the establishment. Since the capital stock measures employed here represent only the main business and do not cover all fixed capital stocks, the coefficients of capital stocks in the estimation using value-added as the dependent variable may be biased. Moreover, in regressions using physical output measures as the dependent variables, the coefficients of labor and capital may be biased because the output measures represent only the main business. Therefore, this variable (mshare) is used as a control variable.
The dummy for multiple establishments (multidum) equals 1 if the establishment is part of a firm that has more than two establishments in the same industry; in other cases, the dummy equals 0. The coefficient of this variable indicates the existence of firm-level economies of scale, which are different from establishment-level economies of scale. For example, if a firm operates many establishments across Japan, the productivity of the establishments may be higher because of efficient management of common tasks, common procurement, or sharing of know-how among establishments.
6
The source for the population density figures of the cities is the 2005 Population Census. 7 In the estimations, the log Source: Survey of Selected Service Industries (METI).
4 Since the Survey of Selected Service Industries does not have information on capital depreciation, the value added used here is the ''net'' value added. 5 Foster, Haltiwanger, and Syverson (2008) compare physical TFP measures and revenue-based TFP measures for several narrowly defined manufacturing industries in the United States. This paper indicates that measured productivity dynamics differ significantly according to the TFP measures used. 6 In order to check for robustness, I conduct regressions excluding mshare and multidum. The estimated establishment-level scale economies and the coefficients of population density are essentially unaffected.
7 Population density data for some establishments are unavailable because of recent active mergers among municipalities in Japan.
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of this variable (lnpopdens) is used in order to compare the results with preceding studies. In the case of personal service industries, population density can be interpreted as demand density. The coefficients of this variable indicate the output elasticity with respect to demand density.
In addition to the variables already noted, the number of establishments of the same industry in the city (num) is included in a supplementary estimation. This variable acts as a proxy for the supply-side factors affecting productivity, which include the degree of competition, knowledge spillover, sharing of locally common inputs, and so on.
8 Although the coefficient of this variable itself is important, the effect of the inclusion of this variable on the coefficient of population density is also relevant to this study.
Estimations are made by using the latest cross-sectional data for each industry. The most recent years for which data are available vary by industry. In addition to these regressions, I estimate by pooling data from two years of observations. In these estimations, I add a year dummy (yeardum) for the observations of the latest year. However, since the results of pooling regressions are essentially the same as those of cross-section regressions, I report the regression results of only a single year.
C. Measurement Issues
In estimating economies of density (or agglomeration), we must consider various measurement issues. Specifically, it is important to consider the effects of price differentials among cities, difference in the quality of outputs and inputs (particularly, worker skills), possible endogeneity bias, and choice of functional form. 9 In this section, I will briefly discuss these potential problems.
Estimations using the value-added as the dependent variable may be affected by service price differences among cities. If intense competition lowers the markup in densely populated cities, the elasticity of productivity with respect to density will be lowered. In this case, the coefficient of population density has a downward bias in the estimation of the value-added production function. On the other hand, if service prices are higher in densely populated cities because of strong demand, the coefficient of population density exhibits an upward bias. 10 The effect of the price differences cannot be quantified because the data used here do not include establishment-level price information.
11 Physical output measures, which remain unaffected by price differences, are superior to value added in this respect. As shown in section III, the coefficients for population density are positive and highly significant for almost all industries even if physical output measures are used as the dependent variables. The gap between value added and physical output estimation can be interpreted as a bias resulting from price differences among different municipalities. However, physical output measures have the drawback that they cover only the output of the main business of the establishments and are not available for a specific industry (theater). Moreover, it is impossible to compare the results with manufacturing and retail industries that do not have physical output measures. Therefore, I present the value-added results first and then the results concerning physical output measures in order to check for robustness. Both regression results are shown in the appendix.
With regard to the difference in the quality of output, establishments located in dense markets may produce more differentiated or higher-quality services. The data used in this study do not contain direct information on the quality of services. However, if establishments in dense markets produce higher-quality services, the true productivity in such markets is higher than the measured productivity. In this case, the conclusion of the paper will be reinforced.
The quality of inputs, particularly the labor quality difference among cities, is an important issue because the quality of labor (or capital) may influence the measured relationship between density and productivity. Recent research analyzing the relationship between density and wages emphasizes the endogeneity bias or reverse causality. Typically the endogeneity bias arises when workers possessing different skills are sorted across cities (Combes, Duranton, & Gobillon, 2008) or the work environment in cities causes the workers to be more productive (Glaeser & Maré, 2001; Gould, 2007) . Most of the related previous literature discusses the causality from density to productivity (Ciccone & Hall, 1996, among others) . However, population density or labor quality becomes endogenous when regional characteristics affect both the productivity and the migration of people and firms. In this case, ordinary least square (OLS) estimates may show an upward bias.
12 Unfortunately, it is impossible to control the quality of labor because the establishment-level data used here do not contain information about labor quality, such as the education of the workers and their tenure with the firm. 13 However, the analysis in this paper, which is conducted for the narrowly defined industries, is not affected by regional differences in industrial structure. As a result, the possible bias arising from 8 For example, Henderson (2003) shows that the number of plants in the same industry and the same region positively affects productivity among high-tech manufacturing industries. 9 Combes, Mayer, and Thisse (2008) provide a useful survey on the effects of output prices, workers' skill, and endogeneity bias on the estimation of local productivity. 10 The difference in factor prices (wages) among cities may bias the results conversely.
11 According to the 2006 Consumer Price Index (CPI) for major cities, the price level is higher in larger (denser) cities. However, the elasticity of price level with respect to population density is only 0.013. Apparently the price differential relative to the city size is very small in Japan. 12 Combes, Duranton, and Gobillon (2008) and Mion and Naticchioni (2009) estimate the endogenous quality of labor bias by using individuallevel panel data about wages. Bacolod, Blum, and Strange (2009) present direct evidence that the relationship between city size and worker skills in the United States is positive but weak. 13 The quality of capital can be discussed in a similar fashion. However, I have not found any empirical study on the difference in capital quality among firms in cities.
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THE REVIEW OF ECONOMICS AND STATISTICS skill differences among workers in cities will be smaller than that in analyses that use the wages of the workers in cities as the dependent variable. In addition, as shown in section III, personal service industries exhibit considerably larger economies of population density than manufacturing industries do. Unless skill differences among workers in cities are extremely large in service industries as compared to those in manufacturing industries, the skill differences are not the chief reason for the observed economies of density in service industries.
Selecting an appropriate functional form has always been a controversial issue in estimating production functions. Although the Cobb-Douglas function is useful because of its simplicity, it is a restrictive functional form.
14 Therefore, I also estimate the translog production function, a representative flexible production function, to check the robustness of the results:
As shown further, the coefficients of population density are still highly significant and quite similar in size to the results achieved using the Cobb-Douglas production function.
III. Results
A. Economies of Scale
The estimated results are presented in the appendix. The estimated scale elasticity for each industry is shown in Table 3. 16 Surprisingly, the figures for all industries except for culture centers exceed unity; this suggests the existence of establishment-level economies of scale. The simple average is approximately 1.2. Most of the economies of scale in service industries are larger than those in average manufacturing plants. 17 As Basu et al. (2006) and Kawamoto (2005) indicated, the measured Solow residuals are affected by mismeasurements of the capacity utilization rate, which implies that the estimated scale elasticity is also affected by demand conditions. For example, the capacity utilization rate of a service establishment located in a shrinking city is expected to be lower than that of an establishment located in an expanding city. In this case, the scale elasticity may be overestimated. Therefore, the estimated figures here should not be interpreted as indicators of a pure technological economy of scale. The purpose of this study is to estimate not the pure technological factor but the effects of both supply-and demand-side factors. In the case of service industries, capacity utilization is the most important factor in determining productivity because it is impossible to stockpile inventory. Disregarding this factor and focusing on only the pure technological factor would cause an essential aspect of the service sector to be overlooked. After controlling for establishment-level economies of scale, we observe that the coefficients of the dummy for multiple establishments (multidum) indicate the existence of firm-level economies of scale. Table 4 summarizes the results according to the industry. For fitness clubs, culture centers, and aesthetic salons, the coefficients exceed 0.3 and are statistically significant. This implies that, ceteris Scale elasticity indicates the sum of the coefficients for L and K. Area of floor is used as a measure of capital stock for retail, and the value of tangible capital is used for manufacturing. 14 Eberts and McMillen (1999) provide a comprehensive survey on the issue of the functional form of the production function for estimating agglomeration economies.
15 However, using the translog production function occasionally leads to the problem of multicollinearity. 16 In the analysis of the retail industry, microdata from the Census of Commerce (2004) are used. Microdata from the Census of Manufactures (2004) are also used for the analysis of the manufacturing industry. Although the specifications of the production functions are essentially the same as the personal service industries, some variations exist because of the differences in the original data. In the estimation for the retail industry, the dependent variable is sales (not value added), and the independent variables include a dummy for self-service and dummies for a two-digit industry. In the case of the manufacturing industry, explanatory variables do not include the measure of diversification. 17 The corresponding figure for manufacturing plants is approximately 1.16 (estimated using data from the Census of Manufactures for 2004).
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paribus, the productivity of a single establishment of a multiple-establishment firm is more than 30% higher than that of a single-establishment firm. For golf courses, tennis courts, bowling alleys, and wedding ceremony halls, the coefficients are around 0.10 to 0.15; this also indicates significant firm-level economies of scale. These results reflect the fact that large firms are efficient in managing common tasks or sharing know-how among establishments, suggesting that the expansion of superior firms into several business domains or chain-type operations may have a positive influence on the productivity growth of service industries.
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B. Economies of Demand Density
The coefficients of population density (lnpopdens) are the focus of this study. Table 5 displays the summary of the results. In most industries, the elasticity of output with respect to population density is around 0.1 to 0.2, and the differences among industries are small. This implies that when the population density of a city doubles, the productivity increases from 7% to 15%. The coefficients for the personal service industries are considerably larger than those for the manufacturing and retail industries.
19 According to a representative survey by Rosenthal and Strange (2004) , doubling the city size increases the productivity of establishments in the city from approximately 3% to 8%. The figures for the service industries estimated in this case are larger than those estimated by the ''consensus,'' wherein aggregate-level data or manufacturing industry data were used.
Because the average size of establishments may be large in densely populated cities, such cities also benefit from economies of scale. In fact, the denser the population, the larger is the average size of establishments in all ten industries. In order to determine the magnitude of these indirect effects of population density, I calculate the elasticity of the average size of establishments with respect to population density and multiply the figure by the scale elasticity (d -1). Table 6 shows the total effects of population density as the sum of the direct productivity effect and indirect effect through the scale economy. Although the indirect effects are smaller in magnitude than the direct effects, they increase the total effect of population density on productivity by 1% to 7%. As a result, by considering this indirect effect, the difference between service industries and manufacturing industries increases.
20 Syverson (2004) argues that in a denser market, higher substitutability among producers truncates productivity distribution from the lower end, resulting in higher minimum and average productivity levels as well as less productivity dispersion. To comprehend this, I calculate the index of productivity dispersion (P90/P10, P75/P25, and log variance) individually for cities with high population density and those with low population density ( Table 7) . The results differ by industry. For golf courses, fitness clubs, and aesthetic salons, the dispersion is larger in cities with low population density; this is consistent with Syverson's (2004) result for the ready-mixed concrete industry in the United States. However, for theaters and wedding ceremony halls, the productivity dispersion is larger in densely populated cities. Apparently Syverson's (2004) argument cannot be generalized to service industries as a whole. From an unprejudiced perspective, it can be inferred that while productivity distributions are not necessarily truncated, the overall distribution is higher in densely populated cities.
Next, the number of establishments of the same industry (num) is added as a right-hand-side variable. The coefficients The total effect is the sum of the direct effect of population density and the indirect effect in the form of the scale effect. The theaters where the direct effect is extremely large are excluded from the calculation of simple average.
18 For multiple establishments, measured productivity may be upward biased simply because common management and administration costs are borne by the headquarters. To address this issue, I conduct analyses by dividing the multiple establishments dummy into a headquarters dummy and a branch dummy. According to the result, although the statistical significance is lower in case of the headquarters, it generally still is positive and significant. 19 The result for the manufacturing industry (0.027) is similar to that of Nakamura (1985) and lesser in value than that of Tabuchi (1986) . 20 In the case of manufacturing, there is no significant relationship between the population density of the location and the average size of plants.
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of this variable and those of population density, along with this additional variable, are indicated in Table 8 . The coefficients of the number of establishments are mostly positive (though frequently insignificant), which suggests that the number of establishments in direct competition has a positive effect on productivity. Particularly for movie theaters, wedding ceremony halls, and aesthetic salons, the coefficients of the number of establishments in the city are positive and significant. However, even after controlling for this variable (for example, localization economies from knowledge spillover or efficiency arising from intense competition), the values of the coefficients of population density are not significantly affected. Overall, these results suggest that the agglomeration economies of service industries mainly arise from demand density.
I have used cities as units for calculating population density. However, the appropriate areas for analysis may differ according to the industry. For some industries, consumers may have to visit a distant establishment in order to find a service. To verify this, I simultaneously use the population density of the city and prefecture (equivalent to a state in the United States) as an explanatory variable. The corresponding results for population density are presented in Table 9 . For six industries (movie theaters, tennis courts, bowling alleys, theaters, wedding ceremony halls, and aesthetic salons), the coefficients for population density of the city are significant, but those of the prefecture are not. For four industries (golf courses, fitness clubs, golf driving ranges, and culture centers), both city population density and prefecture population density are positive and significant, but the values of the coefficients of the city population are greater for golf driving ranges and culture centers. Barring a few exceptions, these results demonstrate that most of the markets of personal service industries are geographically localized.
C. Estimations Using Physical Output Measures
I have thus far used value added as an explanatory variable for the estimation of the production function. The Survey of Selected Service Industries provides information on physical output measures for most of the personal service industries. Since the estimations of the production function in this paper are based on a narrowly defined industry, these physical output measures can be used as dependent variables. In the analyses based on value added, price differences among cities may overstate the effect of population density. Generally the larger the size of the city, the higher Results from a regression in which both city and prefecture population densities are included as independent variables. **Significant at 5%. ***Significant at 1%. (2008) compare physical TFP and revenue-based TFP for several U.S. manufacturing plants that produce homogeneous products. They find that revenue-based TFP is positively correlated with the product prices at plant level. In order to prevent this bias and to check the robustness of the results, I conduct the analyses by using physical output measures.
The output measures used in the analyses are the total number of users (lnuser) for movie theaters, tennis courts, golf driving ranges, fitness clubs, and aesthetic salons; total number of wedding parties (lnuser) for wedding ceremony halls; total number of games played (lngame) for bowling alleys; and total number of participants multiplied by the terms of the classes (lnuserterm) for culture centers. All these measures are for an annual basis and are expressed in logarithmic form.
21 Table 10 is a summary of the major results. Here, I report only a simple form of regression: the number of establishments in a city (num) is not added as an explanatory variable. The estimated scale elasticity exceeds unity for seven industries except for golf courses and wedding ceremony halls. Most of the service industries still exhibit economies of scale at the establishment level. The coefficients of the dummy of multiple establishments (multidum) are also positive and significant for eight industries, except for culture centers. This also confirms the results obtained by using revenue-based value added as the dependent variable. The reason for the higher productivity of larger establishments or larger firms is not that their service prices are higher but that their physical output quantities per input are larger. The coefficients for population density are positive and significant for eight industries, except for fitness clubs. A careful observation of the output elasticity with respect to population density reveals that in four industries (movie theaters, golf courses, tennis courts, and aesthetic salons), the results are similar in magnitude for estimations wherein value-added and physical output measures are used. In three industries (bowling alleys, golf driving ranges, and culture centers), the elasticity almost halves in estimations using physical output measures. For these three industries, the higher service prices in densely populated large cities slightly overstate the effects of population density on productivity estimations in which value added is used as an output measure. However, even after resolving this bias, these industries exhibit significant economies of demand density. The size of the estimated coefficient is larger when a physical output measure is used for wedding ceremony halls.
To summarize, almost all of the results obtained by using physical output measures correspond to the results obtained by using value added. Although the effects of higher service prices in large cities are observed in some service industries, these effects are not a dominant factor affecting economies of density.
D. Estimation Using Translog Production Function
As discussed in section II, selecting an appropriate functional form is always an issue in estimating the production function. In order to check the robustness of the results obtained by using the Cobb-Douglas function, estimated coefficients of population density obtained by using the translog production function are presented in Table 11 . For both the instances of value-added measures and physical output measures being used as dependent variables, not only are the coefficients of population density significant in most cases, but also the values of the coefficients are similar in magnitude to the results of the Cobb-Douglas specification.
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IV. Interpretation and Discussion
The results presented in the previous section indicate a strong and positive correlation between service sector productivity and population density. Theoretically, economies 21 The appropriate physical output measure is not available for the case of theaters only. 22 The multicollinearity problem arises in the estimation of translog production function because explanatory variables are highly correlated. Therefore, occasionally the coefficients of labor, capital, their square terms, and the interaction term are imprecisely estimated.
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of density may arise from various sources. In this section, I interpret the results from a theoretical perspective.
Traditionally the typical sources of the economy of density (or agglomeration) are internal scale economies in production and positive externalities. The positive externalities are often classified into localization economies (or Marshall-Arrow-Romer economies), that is, economies that are external to the establishment but internal to the industry and urbanization economies (or Jacobs economies), which are external to both the establishment and industry but internal to densely populated areas. These externalities arise from labor market pooling, input sharing, and knowledge spillovers (see Duranton & Puga, 2004; Moretti, 2004; Rosenthal & Strange, 2004; Strange, 2009 ). In addition, a third possible source of the positive relationship between density and productivity is the selection mechanism through intense competition (Syverson, 2004) .
These alternative explanations are not mutually exclusive, and formally testing the competing theories is beyond the scope of this study. However, the empirical results presented here illustrate the relative importance of alternative theoretical arguments.
With regard to internal economies of scale arising from fixed costs or other sources, this paper directly estimates the establishment-level scale elasticity, which simultaneously results in the estimation of the direct effect of population density on productivity. As shown in Table 6 , the effects of internal scale economies on productivity arising from local population density (''indirect effects'') are generally positive, but their magnitude is considerably smaller than that of the direct productivity effects of population density. Specifically, although internal economies of scale contribute to the productivity of service industries in densely populated cities, their economic significance is not large enough to justify the total effects of density.
When the number of establishments of the same industry (num) is added as an independent variable, the coefficients of this variable are generally positive and statistically significant for some industries (see Table 8 ). This suggests the existence of the selection or competition effect or the effects of localization economies, such as spatial knowledge spillover internal to the industry. However, the values of the coefficients are relatively lower and the coefficients of population density remain fairly unaltered by the inclusion of this variable. Furthermore, when several measures of productivity dispersion between densely populated and sparsely populated cities are compared (see Table 7 ), the dispersion is not necessarily less in densely populated cities, as Syverson (2004) suggested. In summary, although the analyses do not disregard the selection or competition or the knowledge spillover effect as a possible source of the observed economies of density, the impacts of these mechanisms are not quantitatively significant.
What are the sources of the remaining significant effects of population density on productivity? Although this analysis cannot directly test this hypothesis, a possible source is the effect of urbanization economies-knowledge or human capital spillover-which is not specific to an industry. Another possible reason is the effect of demand. It is important to note that the coefficients of density are considerably larger for service industries than for manufacturing industries. Strong local demand results in a high-input utilization rate and efficient production planning. This may explain why economies of density are larger in service industries where simultaneous production and consumption is prominent. From the perspective of evaluating TFP as pure technological efficiency, this may be a measurement issue. However, in most service industries, where stockpiled inventory does not exist, efficient input utilization is the most important factor affecting the productivity and profitability of firms and establishments. To overlook this practically important aspect and to focus on only pure technological efficiency would imply disregarding the fundamental question to be resolved.
Various potential channels lead to the observed relationship between density and service sector productivity. In addition to the explanation already offered, difference in labor quality or in public infrastructure among cities may also be related. Although the analysis in this paper cannot completely distinguish between these alternative explanations, the crux is that service industries exhibit significant economies of density; this is not observed in the existing 
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literature, which focuses on only the manufacturing industry. While considering the importance of the service sector in advanced economies, it is important to accumulate both empirical and theoretical researches on the productivity of service industries. This paper is the first step toward that direction.
V. Conclusion
This paper empirically investigates the determinants of service industry productivity, such as economies of scale and economies of density in Japan by analyzing unique Japanese microdata related to personal service industries. Specifically, by using establishment-level data from the Survey of Selected Service Industries, I estimate the crosssectional production functions for ten industries.
The major findings obtained from the analyses are as follows:
In almost all the service industries examined, establishment-and firm-level economies of scale are detected. The sizes of the effects of these economies are significant. In almost all the service industries examined, significant economies of population density are observed, where the productivity increases from 7% to 15% when municipality population density doubles. The values of these coefficients are substantially greater than those observed in manufacturing industries for which sales destinations are far less restricted geographically. This demonstrates the importance of demand density in the productivity of service industries. The above findings are confirmed by an estimation wherein measures of physical output are used instead of the measure of value added.
These findings suggest the possibility that consolidation and expansion at the establishment level, as well as multistore and chain store operations at the firm level, may help improve the productivity of personal service industries. Creation of a densely populated area is also suggested, as this would have a positive effect on productivity. However, this may involve a trade-off between productivity improvement and other social or economic policy goals.
The population of Japan is declining. The long-term population projection (National Institute of Population and Social Security Research) estimates a 13.4% decrease over the next thirty years and a 29.6% decrease over the next fifty years. This may work to reduce the productivity of the service sector arising from the decline in population density. It is important for urban planning to consider the impact of population distribution on service sector productivity. In order to enhance the productivity of the service sector, some trade-offs with other values, such as regionally balanced growth or the survival of existing firms and establishments, are inevitable. This paper is an attempt to analyze the establishmentlevel productivity of personal service industries, which has previously not been studied. However, there are various limitations related to data: the data quality issue on capital stock measure, lack of information of labor quality and working hours, and difficulty in constructing panel data, among others. This paper analyzes only a small number of personal service industries. There is an urgent need for the government statistical agency to expand the statistics for the establishment-level service industry. 
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